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Abstract 
The work aims at providing an initial estimation of CO2 transportation cost by means of pipelines. CO2 will be stored in 
geological formations in North Greece where the majority of the thermal power plants located. Particularly, it was examined the
CO2 storage in saline aquifers and oil reservoir. The scenarios were developed taking into consideration factors such as the 
potential storage period, CO2 storage capacity of the geological media, the emissions. The transportation cost of CO2 was 
estimated using the methodology proposed by the IEAGHG. The results show that the transportation cost varies from 0.39 $/tn 
CO2 up to 0.45 $/tn CO2 (0.08 $/tn/100Km to 0.26 $/ton/100 Km). Additionally, the CO2 emissions that come from the fossil 
fueled power plants can be stored in the oil reservoir and saline aquifer of Prinos for 51 years while in saline aquifers of W.
Thessaloniki and Pentalofos for 60 and 54 years respectively. Taking into account the abovementioned results, the recommended 
approach seems to be a quite attractive solution. 
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1. Introduction 
Greek economy depends heavily on fossil fuels. Especially, imported oil, as Greece is not a significant oil 
producer, as well as domestic lignite satisfies over 80% of Greece’s primary energy demands. As a result, the energy 
sector is responsible for the main part of the GHG emissions. The fossil fuelled power plants, which are located in 
the region of North Greece and Peloponnesus, constitute the main source of CO2 emissions (Fig.1). Cement factories 
and refineries are significant CO2 emitters while smaller contribution has the remainder industrial activities 
(chemical, iron-steel industries).  
2. Geological formations suitable for storing CO2
The capture and storage of CO2 in geological formations is considered, by the scientific community, to be as one 
of the main ways to reduce greenhouse gas emissions. Regarding the geological storage capacity in Greece, the 
results, drawn from several research projects funded by the EU, show that there are suitable geological  
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 emissions in GreeceFigure 1. The sources of CO2
formations that can be used as CO2 storage sites. Particularly, the results have shown that CO2 can be stored in oil 
fields and deep saline aquifers. Especially, the Prinos oil field as well as saline aquifers located west of Thessaloniki 
city and in Mesohellenic basin can be used as CO2 storage sites. The abovementioned geological formations fulfill 
the conditions required to be used as CO2 storage sites. They are met at depths greater than 800m below the surface 
or sea bottom while the overburden layers consist of impermeable rocks [1]. Table 1 shows the CO  storage capacity 
of the aquifers and oil field studied up to now.
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Table 1. CO2 storage capacity in saline aquifers and oil field
Stoage capacity Geological formation Mt CO2
Oil reservoir Prinos 1240 
Prinos
West Thessaloniki 420 Saline aquifer Pentalofos  
(Mesohellenic basin) 216 
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However, there are numerous geological formations which are unexplored and consequently the storage capacity 
is expected to increase. Furthermore, the Mesohellenic basin, which is a middle Tertiary intermontane marine basin 
located in North-West Greece and a small northern part belongs to Albania, incorporates suitable geological 
formations that can be used as CO2 storage sites in the future [2]. 
3. Methods and results 
Among the CO2 transportation systems, the transportation by means of pipelines is considered as the most cost 
effective method. Furthermore, pipelines can deliver large amounts of CO2 directly from the source to the storage 
site continuously. This method has already been applied, particularly in the gas industry, therefore is a well-
established and environmental safe method.  
The transportation scenarios were developed taking into consideration factors such as the potential storage 
period, CO2 storage capacity of the geological media; the emissions come from the power plants while the 
transportation cost by means of pipelines was estimated using the methodology which is proposed by the IEAGHG 
[3]. Additionally, the calculations were performed using several assumptions such as 
x CO2 is in dense phase 
x distance between booster stations is 100-250 Km [4] 
x booster station power is 0.75 MW [5] 
x ambient temperature onshore is 12 ºC while offshore is 6 ºC 
x maximum temperature after compression is 30 ºC 
x maximum pressure onshore and offshore is 11 and 30 MPa respectively 
x minimum pressure is 9 MPa  
x the cost of pipeline is calculated for flat terrain 
x the CO2 compression cost is considered part of the capture cost 
x the lifetime of the pipeline is more than 50 years 
Table 2. The CO2 emissions come from the fossil fueled power plants in North Greece [6].
Power station Capacity MW
CO2 Emissions 
Mtonnes (2006) 
Agios Demetrios 1595 12,4 
Kardia 1250 8,7 
Amynteo 600 5,1 
Ptolemaida 620 3,8 
Meliti 300 1,7 
Komotene 485 0,9 
3.1. Scenario 1:Transportation of CO2 from Ptolemaida power plant to Pentalofos saline aquifer 
In the first scenario, the CO2 emissions come from the Ptolemaida lignite fired plant will be stored in the 
Pentalofos aquifer (Fig. 2). The CO2 quantities emitted from the Ptolemaida power plant are approximately 4 million 
tonnes per year (Table 2) while the storage capacity of Pentalofos aquifer is 216 million tonnes (Table 1). From the 
abovementioned data and supposing that the emissions will remain in this level and the power station will still 
remain in operation the next years, the saline aquifer is capable to store CO2 for 54 years. 
The onshore pipeline length and diameter is estimated at 150 Km and 16 inches respectively [4], [5], while its 
investment costs, according to methodology proposed by IEAGHG, calculated to be 24,4 million $. Generally, the 
pipeline investment cost depends on the topography and the ground conditions while in our scenarios the cost of the 
pipeline is calculated for flat terrain. The operating costs of the pipeline are considered to be 666801$.  
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Regarding the booster station, it is needed every 100 Km to 250 Km depending on pipeline diameter and its 
installed power is defined at 0.75 MW, [4], [5] while the investment cost is 6.3 million $ [3].   
Supposing that the initial capital is 40% of the total cost, the depreciation time is 25 years and the interest rate is 
6%, the annual charge is 1440939$. According the aforesaid information the storage cost is estimated at 0.39$/tn 
CO2 (0.26$/tn/100Km). 
Figure 2. Transportation routes from the power plants, Meliti and Amynteo, Ptolemaida to the W. Thessaloniki and    
                 Pentalofos aquifers respectively.
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3.2. Scenario 2: Transportation of CO2 from Meliti and Amynteo power plants to West Thessaloniki saline  
       aquifer 
In the second scenario, the CO2 emissions come from the Meliti and Amynteo power plants will be stored in the 
W. Thessaloniki saline aquifer (Fig. 2).The total CO2 emissions come from the Meliti and Amynteo power plants are 
approximately 7 million tonnes per year while the storage capacity of West Thessaloniki saline aquifer is 420 
million tonnes. Therefore the aquifer is able to store the emissions for 60 years.  
The AB onshore pipeline length and diameter is estimated at 40 Km and 16 inches respectively [4], [5], while its 
investment costs calculated to be 7.14 million $. The operating costs of the pipeline are considered to be 476040$. 
The BC onshore pipeline length and diameter is estimated at 160 Km and 24 inches respectively [4], [5], while its 
investment costs calculated to be 42.74 million $. The operating costs of the pipeline are considered to be 1017530$ 
while 2 booster stations would be needed, 0.75 MW installed capacity each of them and total cost 12.6 million $. 
As in the previous scenario, the initial capital is 40% of the total cost, the depreciation time is 25 years and the 
interest rate is 6%, the annual charge is 2933507$. According the aforesaid information the storage cost is estimated 
at 0.46$/tn CO2 (0.23$/tn/100Km). 
3.3. Scenario 3:Transportation of CO2 from Kardia, Agios Demetrios and Komotene power plants to Prinos             
saline aquifer and oil reservoir 
In the last scenario, the CO2 emissions come from the Kardia, Agios Demetrios and Komotene power plants will 
be stored in the Prinos saline aquifer and oil field (Fig. 3). The total CO2 emissions come from the Kardia, Agios 
Demetrios and Komotene power plants are approximately 24 million tonnes per year while the storage capacity of 
Prinos saline aquifer and oil field is 1240 million tonnes. Consequently the Prinos geological formations are able to 
store the emissions for 51 years. 
 The AB onshore pipeline length and diameter is estimated at 15 Km and 24 inches respectively [4], [5], while its 
investment costs calculated to be 4.8 million $. The operating costs of the pipeline are considered to be 766073$. 
The BC onshore pipeline length and diameter is estimated at 350 Km and 30 inches respectively [4], [5], while its 
investment costs calculated to be 128.8 million $ while the operating costs are 1597067$. 
The EC onshore pipeline length and diameter is estimated at 150 Km and 16 inches respectively [4], [5], while its 
investment costs calculated to be 24.4 million $. The operating costs of the pipeline are 666800$. The CD onshore 
pipeline length and diameter is estimated at 20 Km and 34 inches respectively [4], [5], while its investment costs 
calculated to be 24.2 million $ while the operating costs are 1191478$. The total cost of the 3 booster stations 
needed, 0.75 MW installed capacities each of them, is 18.9 million $. Supposing the same financial conditions as in 
the previous scenarios, the storage cost is estimated at 0.43$/tn CO2 (0.08$/tn/100Km). 
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Figure 3. Transportation routes from the power plants Kardia and Agios Demetrios to the Prinos geological  
                 Formations 
4. Conclusions 
The means of transport usually depends on the quantity of the CO2 to be transported, the terrain (flat or hilly) and 
the distance between the capture plant and the storage site (on-shore, off-shore). Among the CO2 transportation 
systems, the international practice and experience shows that the transportation by means of pipelines is considered 
as the most cost effective method.
Therefore, given the very large volumes of CO2 that will need to be transported from the thermal power plants, 
located in North Greece, to the sequestration geological site, saline aquifers and oil field, pipelines are the only 
practical method. 
The transportation cost from the Ptolemaida, Meliti and Amynteo, Kardia and Agios Demetrios, Komotene 
power plants estimated at 0.26 $/tn/100Km, 0.23 $/tn/100Km, 0.08 $/tn/100Km, respectively but the transportation 
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cost is expected to increase in case of hilly terrain. Particularly, according to the “Pipeline Transmission of CO2 and 
Energy report” [2], hilly terrain is estimated to result in 50% higher cost than for normal terrain. Furthermore, one 
more factor influencing the transportation cost is the need purchasing or leasing the land. The abovementioned 
transportation costs are similar with these propose by the literature. According to the International Energy Agency 
[7], the transportation cost ranges from 1 to 10 $/t CO2.
However, the transportation costs of CO2 are considered to be small compared to the capture costs, around 50$/t 
CO2 [7] depend mainly on the capture technology and the level of concentration of CO2 in the flue gas, and in 
conjunction with the storage capacity of the geological formations, which is enough to store the emissions for 
several years, the recommended approach seems to be a quite attractive solution. 
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